INTRODUCTION
The most complex of the five classes of intermediate-filament proteins are the type I and type II proteins, which interact together to form keratin filaments (Steinert & Roop, 1988) . Keratin filaments are found in tissues of epithelial origin and are often divided into two types according to their cystine content. Thus the 'soft' or epidermal keratins, which are cystine-poor, are found in skin and other epithelia, and the cystine-rich 'hard' keratins occur in tissues such as hair and nail. There are approximately 20 different epidermal keratin proteins, though only a limited subset of these is present in any one cell type (Moll et al., 1982 (Heid et al., 1986) . For wool, the type I proteins are designated components 8a, 8b, 8c-I and 8c-2, and the type II proteins are components 5, 7a, 7b and 7c (Crewther et al., 1980) . The intermediate filaments of wool are embedded in an amorphous matrix to which they are cross-linked by disulphide bonds (Fraser et al., 1972) . The intermediate-filament proteins can be readily isolated after reduction of these disulphide bonds in disaggregating solutions followed by alkylation of the resulting thiol groups with iodoacetate. Reduced carboxymethylated wool intermediate-filament proteins can be partially fractionated by ion-exchange chromatography in buffers containing 8 M-urea (Crewther et al., 1976) . By this means two type I proteins (components 8a and 8c-1) and two type II proteins (components 5 and 7c) have been obtained as single species.
The amino acid sequence of component 8c-1 has been de- termined by direct protein sequencing (Dowling et al., 1986) , and that of a second wool type I intermediate-filament protein (of Mr 47600) has been deduced from the corresponding genomic clone (Wilson et al., 1988 (Dowling et al., 1979) .
EXPERIMENTAL General methods
Component 5 was prepared by the method of Crewther et al. (1976) . Methods used for cleavage of component 5, for enzymic digestions, peptide fractionations, amino acid analysis and sequence determination were as previously described (Sparrow et al., 1989) , except for the methods listed below. 
RESULTS
The complete amino acid sequence of component 5 is given in Fig. 1 , which also shows the peptides used in establishing this sequence as well as the previously published sequence data (Dowling et al., 1979) . Each of these peptides was purified and for most of them both amino acid sequence and composition were determined.
Cleavage of component 5 by CNBr gave rise to a mixture of six peptides, CNl, CN2, CN3, CN4, CN5 and CN6, from which CN 1, CN4, CN5 and CN6 were obtained as purified species. The, remaining two peptides, CN2 and CN3, could not be separated chromatographically and were subjected to sequence analysis as a mixture. The amino acid sequences of peptides CN4 and CN6 have been reported previously (Dowling et al., 1979) . For the remaining CNBr-cleavage peptides the sequence determination is summarized below.
Peptide CN1 (residues 1-279) Peptide CN1, like component 5 itself, yielded no amino acid sequence information on direct sequencing in the spinning-cup Sequenator, indicating that the N-terminus is blocked. The peptide, HI (residues 1-112), obtained by mild acid cleavage of peptide CNI or of component 5 was isolated by gel-filtration chromatography and reverse-phase h.p.l.c. Its amino acid sequence was obtained by using data from peptides derived by cleavage of peptide HI with trypsin (peptides TI-TI 1), chymotrypsin (peptides CI-C12) and thermolysin (peptides Thl-Th9) and of peptide CNI with thrombin (peptides and the lysine-specific enzymes Endoproteinase Lys-C and the proteinase from Achromobacter lyticus (peptides LI, L2 and ELI). The order of the first two amino acid residues of peptide HI has not been determined, nor has the nature of the group that blocked direct N-terminal sequence determinations of peptide HI, peptide CNI and component 5. Sequence analysis of the mixture obtained from acid cleavage of component 5 gave a unique sequence starting at Pro-113 and extending for 25 residues. The remaining sequence of peptide CNI was obtained from peptides derived from digestion of peptide CNI with trypsin after citraconylation (peptides T12-T14) and the proteinase from A. lyticus (peptides L3-Li2).
In order to obtain the complete sequence of peptide L8 it was further digested with trypsin to give peptides L8TI, L8T2 and L8T4. The overlap at the acid-cleavage point Asp-112-Pro-1 13 was found in the sequence of the large thrombin peptide Throm3. The Conway & Parry (1988) .
Peptides CN2 (residues 321-398) and CN3 (residues 410-503) These peptides were not separated readily and determination of the amino acid sequences was carried out on the mixture. The preparation used for this determination also contained significant amounts of peptide CN4, so that peptides derived from this already known sequence were found in enzyme digests.
From the tryptic digest of peptides CN2/CN3 most of the peptides (peptides T15-T35) from Arg-283 to the C-terminus were isolated. Peptides T1 5 and T27, which were isolated in poor yield, both spanned methionine residues, showing that cleavage by CNBr at methionine was incomplete. A similar observation was made during the sequence determination of component 7c (Sparrow et al., 1989) . Most of the overlaps needed to order the tryptic-digest peptides were found in peptides from digestion of the CN2/CN3 mixture with the S. aureus V8 proteinase (peptides SI-S14). This digest also included peptides from peptide CN4, though these were not further characterized. Two useful peptides in this series, S13 and S14, arose from cleavage after serine residues rather than glutamic acid residues as normally expected for this enzyme.
Cleavage of peptides CN2/CN3 at lysine with the A. lyticus proteinase yielded peptides L15-L22, though only for the large C-terminal peptide L22 (residues 413-503) was full characterization necessary. The complete sequence of peptide L22 was deduced from the sequences of peptides produced by further digestion with chymotrypsin (L22CI-L22C5) and thermolysin (L22Th) and by hydrolysis with acid under mild conditions (L22H). Peptides L9-L14 were isolated in low yield from this digest. They are derived from peptide CNI and probably arise through contamination of the mixture CN2/CN3 with traces of peptide CNI or more likely the C-terminal acid cleavage peptide of CNI produced during the CNBr digestion. Digestion with the A. lyticus proteinase also yielded a number of peptides, not shown in Fig. 1 , resulting from cleavage at residues other than lysine. A number of these anomalous cleavages were at alanine residues, e.g. at positions 364, 365, 375, 452, 462 and 467. There was also evidence for cleavage after serine residues (490 and 496), after arginine residues (304 and 498) and after a glutamine residue at position 431.
C-Terminus of component 5
The C-terminal sequence was shown to be -Phe-Ala by digestion ofcomponent 5 with carboxypeptidase Y. This evidence was supported by the isolation of a peptide Phe-Ala (T35) from the tryptic digest of peptides CN2/CN3.
Order of the CNBr-derived peptides
The six CNBr-derived peptides were ordered by using the sequence similarity between component 5 and component 7c (Dowling et al., 1979 ) (see below). Two methionine-containing peptides, T15 and T27, were isolated from the tryptic digest of peptides CN2/CN3; their sequences confirmed the proposed order for the CNBr-derived peptides, respectively.
Discrepancies between the sequence presented in Fig. 1 and the published sequence data (Dowling et al., 1979) Cyts-Gly-Pro-Arg-i e-A(a-Vat -Ser-Gly-Phe-Arg-Ala-Gly-Ser-Cys-Giy-Arg-Ser-Phe-Gly-ryr-Arg-Ser-GLy-Gty-VoI -GLy-Gly-Leu-Ser-
II~~T8 -4 I
9 -H-T10 -
C8~-C9
Hcio-' 
Throm 3 130 140 150
Gin-Gtu-Lys-Gtu-Gtn-i elLys-Asn-Leu-Asn-Ser-Arg-Phe-Ata-Ata-Phe-e-Asp-Lys-VaL -Arg-Phe-Leu-Gtu-GtnvGtn-Asn-Lys-Leu-Leu- Glu-Glu-Glu-Vat-Ata-Leu-Arg-Ala-Thr-Ata-Glu-Asn-Gtu-Phe-Vat-Vat-Leu-Lys-Lys-Asp-Val-Asp-Cys-Ala Tyr-Leu-Arg-Lys-Ser-Asp- Lys-Leu-Glu-Ala-ATe-Va2-A5a-Glu-Ala Glu-G_n-GTn-Gly-Glu-Ata-ATa-Leu-Asn-Asp-Ala-Arg-Ser-Lys-LeuA _a-G_y-Leu-Glu-G_u-Ala-
Leu-GIn-Lys-ALa-Lys-Gln-Asp-Met-Ala-Cys-Leu-Leu-Lys-Gtu-Tyr-Gln-Gtu-Val -Met-Asn-Ser-Lys-Leu-Gly-Leu-Asp-Le-Glu-Ite-ALa- , sequence and composition; ----, composition only; ....., previously published (Dowling et al., 1979) (no further experimental detail is given for peptides from the previous publication); T, tryptic; C, chymotryptic; Th, thermolytic; S, S. aureus V8 proteinase; L, lysine-specific proteinases; EL, anomalous cleavage by lysine-specific proteinase; Throm, thrombin; H, acid cleavage; CN, CNBr. Peptides from these digests are numbered in order of their occurrence in the complete sequence.
proteinases, Endoproteinase Lys-C (from Lysobacter enzymogenes) and the proteinase from A. lyticus (Masaki et al., 1978) , were used. Both proteinases, though being largely lysine-specific, showed evidence for cleavage at residues other than lysine. Digests with both proteinases yielded a number of peptides resulting from cleavage after arginine residues, and, in addition, the A. lyticus proteinase cleaved after some alanine and serine residues. Data for only one of the peptides resulting from these anomalous cleavages (ELI) were used in establishing the sequence of component 5.
Peptides covering the entire sequence shown in Fig. 1 , and most of the necessary overlapping peptides, were isolated either in this or the previous study (Dowling et al., 1979) . Four overlaps were assigned by using the sequence similarity of component 5 with component 7c (see below) and with a consensus sequence for type II intermediate-filament proteins. These assignments are justified on the grounds that all four sequences are within the central rod-like region of the intermediate-filament molecule. These regions are highly conserved in sequence and are of invariant size (Steinert & Roop, 1988 Fig. 1 . The Mr calculated from this sequence is 56600 (not including the blocking group); this is in good agreement with the value of 57000 determined by lowspeed sedimentation equilibrium (Woods, 1979) and by gelfiltration chromatography (Blagrove & Frenkel, 1977) .
Analysis of the sequence
Analysis of the sequence of component 5 shows that it fits readily into the pattern characteristic of intermediate-filament
proteins (Steinert & Roop, 1988) in having a central rod-like helical domain that is divided by three non-helical linking segmnents, L1, L12 and L2, into four helical tracts, 1A, 1B, 2A and 2B; each of the helical tracts shows the heptad repeat characteristic of potential coiled-coil molecular structures (Crick, Vol. 282 (1) 1953). The structure of component 5 suggested by this analysis is shown schematically in Fig. 2 , which also depicts two segments, H I and H2, that are highly conserved in a number of intermediate-filament classes (Steinert & Parry, 1985) . An earlier study showed that component 5 shares regions of sequence similarity with component 7c, another type II wool intermediate-filament protein (Dowling et al., 1979) . Comparison of the entire sequences of these two proteins now shows that the sequence similarity extends almost from the N-termini of the two molecules through to residue 459 (component 5 sequence). This is illustrated in Table 2 part (a), in which the sequences of the two proteins are compared, segment by segment, and in Fig. 3 (Dowling et al., 1986) and an unnamed 47600-M, protein (Wilson et al., 1988) , is shown in Table 2 part (b), and the two mouse hair proteins, MHKA-1 and MHKA-2 (Bertolino et al., 1990) , are compared in Table 2 part (c). Fig. 2 . For each pair, the first two rows give the positions of the various segments within the proteins and the third row gives the number of sequence identities between the two proteins; where gaps were introduced to maximize sequence identity these are scored as non-identity. Note that a segment H2 is not recognized in the type I molecules (Conway & Parry, 1988 Component 5 X-(Ser.Cys)-Arg-Ser-Tyr-Arg-Ile-Ser-Pro-Gly-Tyr-8er-Val- Bold-face letters denote amino acid residues identical in both sequences. Numbers refer to the position in the sequence of component 5.
Major differences within the type I protein pairs are seen only in the C-terminal non-helical segments, which are different in size but show significant sequence similarity (greater than 50 % identity). The wool type II proteins have C-terminal non-helical segments almost identical in length (56 and 57 residues) but quite different in amino acid sequence (14 % identity) and N-terminal non-helical segments different in length (91 and 78 residues) but similar in sequence (64 % identity).
The data presented above, showing a different pattern of variation between the non-helical N-and C-terminal 
